We purified and characterized an intracellular -Nacetylglucosaminidase (NagC) from a cytoplasmic fraction of Streptomyces thermoviolaceus OPC-520. The molecular mass of NagC was estimated to be 60 kDa by SDS-polyacrylamide gel electrophoresis (SDS-PAGE). The optimum pH and temperature of the enzyme were 6.0 and 50 C respectively. Purified NagC hydrolyzed chitin oligosaccharides from N,N 0 -diacetylchitobiose (GlcNAc) 2 to chitopentaose (GlcNAc) 5 , hydrolyzed N,N 0 -diacetylchitobiose especially rapidly, and showed a tendency to decrease with increases in the degree of polymerization. But, NagC didn't hydrolyze chitohexaose (GlcNAc) 6 . The gene encoding NagC was cloned and sequenced. The open reading frame of nagC encoded a protein of 564 amino acids with a calculated molecular mass of 62,076 Da. The deduced amino acid sequence of NagC showed homology with several -Nacetylglucosaminidases belonging to glycosyl hydrolase family 20. The expression plasmid coding for NagC was constructed in Escherichia coli. The recombinant enzyme showed pH and temperature optima and substrate specificity similar to those of the native enzyme. The gene arrangement near the nagC gene of S. thermoviolaceus OPC-520 was compared with that of S. coelicolor A3(2). Three genes, which appear to constitute an ABC transport system for sugar, were missing in the vicinity of the nagC gene.
linkages in chitin, yielding predominately N,N 0 -diacetylchitobiose, which is further degraded by N-acetylglucosaminidases to the GlcNAc monomer.
It is well known that actinomycetes, especially Streptomyces spp. are an efficient decomposer of chitin in soil. Many chitinase (EC 3.2.1.14) and -N-acetylglucosaminidase (EC 3.2.1.30) genes have been cloned and characterized from Streptomyces spp. [2] [3] [4] But, little is known about the uptake system and catabolism of chitin degradation products and the molecular mechanism of gene regulation in Streptomyces spp.
S. thermoviolaceus OPC-520 produces four chitinases (Chi40, Chi35, Chi30, and Chi25) and two -Nacetylglucosaminidases (NagA and NagB) in the presence of chitin. [5] [6] [7] [8] [9] Chi40 and Chi30 belong to glycosyl hydrolase family 18 chitinases, and Chi35 and Chi25 belong to family 19. 8) Chi40, Chi30, and Chi25 are composed of only a catalytic domain. Chi35 is composed of a type 3 chitin binding domain and a catalytic domain. On the other hand, NagA and NagB are classified into family 3 and family 20 respectively. The degradation of chitin by this strain appears to involve the synergistic action of multiple proteins, including chitinases and -N-acetylglucosaminidases. The generated GlcNAc and chitooligosaccharides are taken up by the cells. Recently, Xiao et al. demonstrated that the Ngc system of Streptomyces olivaceoviridis mediates the uptake of GlcNAc and chitobiose.
10) The Ngc system, comprising NgcE (a sugar-binding protein), NgcF (an integral membrane protein), and NgcG (an integral membrane protein), showed similarity to components of the bacterial ATP-binding cassette (ABC) transport system. Thus, once transported into the cytoplasm, chitobiose and larger chitin oligosaccharides appear to be converted into GlcNAc via the activity of an intracellular -N-acetylglucosaminidase. Our ultimate goal is to clarify the chitinolytic system of S. thermoviolaceus OPC-520 at the molecular level. In this paper, we report the purification and character-ization of an intracellular -N-acetylglucosaminidase (NagC), as well as the complete nucleotide sequence of the nagC gene. Furthermore, we have overexpressed NagC in Escherichia coli and investigated the biochemical properties of the enzyme and its role in the chitin degradation system of this bacterium.
Materials and Methods
Bacterial strains and culture conditions. S. thermoviolaceus OPC-520, which was isolated from decayed wood, was used as the source of chromosomal DNA.
5)
The strain was grown at 37 C in a minimal liquid medium (NMMP) containing various carbon sources. N,N 0 -diacetylchitobiose (GlcNAc) 2 was kindly supplied by Yaizu Suisankagakukogyo Co., Ltd. (Shizuoka, Japan). A Chitin oligosaccharides mixture was purchased from Seikagaku Co. (Tokyo, Japan). E. coli JM109 and TOP10 (Invitrogen Co., Carslbad, California, U.S.A.) were grown at 37 C in Luria-Bertani (LB) broth. For agar medium, LB was solidified with 1.5% (wt/vol) agar (Nacalai Tesque, Kyoto, Japan).
Enzyme assay. -N-acetylglucosaminidases activity was assayed using p-nitrophenyl--D-N-acetylglucosaminide (PNP--GlcNAc) as a substrate. The reaction mixture, composed of 2.5 mM PNP--GlcNAc, McIlvaine buffer (pH 6.0), and enzyme solution in 150 l of reaction volume, was incubated at 50 C for 10 min. The reaction was stopped by adding 250 l of 0.2 M Na 2 CO 3 and the p-nitrophenol released was measured at 420 nm. The other p-nitrophenyl derivatives were also used at a concentration of 2.5 mM. One unit of -N-acetylglucosaminidase was defined as the amount of enzyme that released 1 mol of p-nitrophenol per min under the conditions described above. When chitin oligosaccharides (2.5 mM) from dimmer to hexamer was used as a substrate, the activity was measured by the method of Reissing et al. 11) One unit of -N-acetylglucosaminidase was defined as the amount of enzyme that released 1 mol of GlcNAc per min under the conditions described above.
Purification of an intracellular -N-acetylglucosaminidase (NagC). S. thermoviolaceus OPC-520 was grown in 3 l of NMMP containing 0.5% chitin (Koyo Chemical, Co., Ltd., Tokyo, Japan) at 37 C. Cells were harvested after 20 h of cultivation, sedimented and resuspended with lysis buffer containing 50 mM TrisHCl (pH 7.5), 1 mM EDTA, and 0.1 mM PMSF. The cells were disrupted by sonication, and the lysate was centrifuged at 10;000 Â g for 30 min at 4 C. The supernatant was subjected to ammonium sulfate precipitation between 35% and 60% and the precipitate was dissolved in a minimal volume of 50 mM Tris-HCl buffer (pH 7.5). The dialyzed enzyme solution was applied to a DEAE-Toyopearl 650M column (Tosoh, Tokyo, Japan) equilibrated with the same buffer. The column was first washed with buffer and then eluted with a liner gradient of NaCl (0 to 1.0 M). Active fractions were pooled and concentrated by centrifuge spin column (Amicon). The concentrated sample solution was applied to a Sephadex G-100 column (Amersham Biosciences), and the active fractions were collected. The active fractions were dialyzed in 50 mM Tris-HCl buffer (pH 7.5), and the dialyzed enzyme solution was applied to a Mono-Q 6/6 column (Amersham Biosciences) equilibrated with the same buffer. The column was first washed with buffer and then eluted with a liner gradient of NaCl (0 to 0.5 M). The active fractions were dialyzed in 30 mM HEPES-KOH buffer (pH 7.0), and applied to a HiTrap heparin column (Amersham Biosciences). Flow through fraction was applied to a Mono-Q 6/6 column, which was equilibrated with the 30 mM HEPES-KOH buffer (pH 7.0). The column was first washed with buffer and then eluted with a liner gradient of NaCl (0 to 0.4 M). The active fraction was applied to a Superdex 200HR 10/30 equilibrated with 50 mM phosphate buffer (pH 7.0). The active fraction was pooled as purified enzyme.
N-terminal amino acid sequence, SDS-PAGE, and protein assay. The amino acid sequence was analyzed with an ABI Procise 491 HT protein sequencer (Applied Biosystems) that was connected to an on-line phenylthiohydantoin-derivative analyzer. SDS-PAGE was done by the method of Laemmli. 12) Protein was assayed by the method of Bradford with bovine serum albumin as a standard.
13)
Cloning of the nagC gene. General recombinant DNA techniques were performed as described by Sambrook and Russel.
14) The degenerated oligonucleotide probe (5 0 -(A/G)TGACCGATGTGATCCC(C/G)GC(C/G)-3 0 ) was synthesized based on the N-terminal amino acid sequences of purified NagC. The synthesized probe was labeled with the Gene Images 3 0 -oligolabelling Module (Amersham Biosciences). Chromosomal DNA of the strain was digested with PstI and electrophoresed on 0.8% agarose gel. Fragments in the range of 6.0-7.0 kb were excised from the gel, purified with the GenElute gel extraction kit (Sigma), and then ligated into the corresponding site of pUC19. The recombinant plasmids were inserted into competent E. coli JM109. The library was screened by colony hybridization with the labeled probe. Hybridization and washing were performed according to the supplier's instructions. Hybridization was detected with the CDP-star Detection System (Amersham Biosciences).
DNA sequencing. Nucleotide sequencing was carried out by the dideoxy chain termination method using the DYEnamic ET terminator cycle sequencing premix kit (Amersham Biosciences) on a DNA sequencer (ABI Prism 310 Genetic Analyzer, Applied Biosystems). 15) Sequence data were analyzed by using the GENETYX-WIN program (Software Development Co., Ltd.).
Construction of the expression plasmid and purification of the recombinant protein. The expression plasmid, pThioHis-NagC, coding for NagC was constructed as follows: The primers for NagC (5 0 -GGAATTCCTGC-CATGACCGATGTGATC-3 0 and 5 0 -ACACCATCAC-CGATGCGGCGCCATTAC-3 0 ), modified to contain EcoRI and NotI recognition sites to facilitate cloning in frame into the thioredoxin fusion protein expression vector pThioHis B (Invitrogen Co., Carlsbad, California, U.S.A.) were synthesized. PCR amplification was performed with the full-length nagC gene as a template for 30 cycles at 97 C for 15 s, 57 C for 35 s, and 68 C for 2 min. The amplified DNA fragment was digested with EcoRI and NotI and the resulting fragment was inserted into the corresponding sites of pThioHis B. The nucleotide sequence of pThioHis-NagC was confirmed by DNA sequencing.
E. coli TOP10 cells harboring pThioHis-NagC were induced with 1 mM IPTG (isopropyl--D-thiogalactopyranoside) at the mid-exponential growth phase and further incubated for 3 h at 37 C. Cells were harvested by centrifugation and washed and resuspended with 20 mM phosphate buffer (pH 7.8) containing 0.5 M NaCl. The cells were disrupted by sonication, and the lysates were centrifuged at 10;000 Â g for 10 min. The fusion proteins were purified from the supernatant by affinity chromatography with a nickel-charged Sepharose resin (ProBond resin, Invitrogen Co., Carlsbad, California, U.S.A.). The purified fusion protein was treated with enterokinase (Invitrogen Co.) for 16 h at 37
C to obtain NagC. The N-terminal amino acid sequences of these proteins were confirmed by protein sequencing.
Nucleotide sequence accession number. The nucleotide sequence data reported in this paper are in the DDBJ, EMBL, and GenBank nucleotide sequence databases under accession number AB110077.
Results

Purification of NagC
Before we began the purification of NagC, we investigated the optimum conditions for NagC production. S. thermoviolaceus OPC-520 was grown on NMMP medium with various carbon sources, and then the -N-acetylglucosaminidase activity in the supernatant of disrupted cells was measured. As shown in Fig. 1 , -N-acetylglucosaminidase activity was markedly induced in the presence of chitin. On the other hand, GlcNAc, (GlcNAc) 2 , the chitin oligosaccharides mixture containing (GlcNAc) 2 to (GlcNAc) 8 , and glucose were not effective inducers of NagC, although the addition of these carbon sources increased the activity gradually as growth proceeded. Thus, S. thermoviolaceus OPC-520 was grown in NMMP medium containing 0.5% chitin for 20 h, and NagC was purified from the cytoplasmic fraction of the strain by various combinations of column chromatographies. The enzyme, which shows -Nacetylglucosaminidase activity, was always eluted as a single activity peak in a series of these purification processes. These results indicate that S. thermoviolaceus OPC-520 produces a single kind of intracellular -Nacetylglucosaminidase on the medium containing chitin as an inducer. The purification procedure is summarized in Table 1 . In this procedure, NagC was purified about 231.3-fold with a yield of 1.5%. The purified NagC was detected as a single band on SDS-PAGE, and the molecular mass was about 60 kDa (Fig. 2) . Gel filtration chromatography showed that NagC had an apparent molecular mass of 63 kDa, indicating that NagC is a monomeric protein (data not shown). The N-terminal amino acid sequence was TDVIPAPRTARSAAAP-DMF. The BLAST search program revealed that the N-terminal amino acid sequence of NagC showed homology with putative sugar hydrolase (CAB 72189, 40% identity) from Streptomyces coelicolor A3(2). 16) Characterization of NagC The pH-activity profile obtained with (GlcNAc) 2 showed a broad pH range for enzyme activity, with an optimum at pH 6.0 (Fig. 3) . The temperature optimum for the hydrolysis of (GlcNAc) 2 was 50 C (Fig. 3) . When the chromogenic substrate PNP--GlcNAc was used as a substrate, the same pH-and temperatureactivity profiles were obtained (data not shown). To study the effects of pH and temperature on enzyme stability, the enzyme solution was incubated at various temperatures at pH 7.5 for 60 min (Fig. 3) . More than 95% of the enzyme activity remained after treatment at C for 10 min. , 0.5% chitin; , 0.5% GlcNAc; , 0.5% (GlcNAc) 2 ; , 0.5% chitin oligosaccharides; , 0.5% glucose; , 0.5% chitin + 0.5% glucose.
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C. At temperatures above 50 C, however, the stability declined remarkably.
We investigated the substrate specificity of the enzyme by using various substrates under optimal conditions (Table 2 ). Of the chromogenic substrates PNP--GlcNAc, PNP--N-acetylgalactosamine (PNP-- GalNAc), PNP--galactoside (PNP--Gal), PNP--GlcNAc, PNP--GalNAc, PNP--arabioside (PNP--Ara), PNP--xyloside (PNP--Xyl), PNP--glucose (PNP--Glu), and PNP--Glu, the maximum activity was obtained with PNP--GlcNAc. The enzyme also showed a relatively high activity towards PNP--GalNAc, but, it showed no activity towards the other substrates tested. To clarify the role of the enzyme in the chitinolytic system of this strain, assays with chitin oligosaccharides, from (GlcNAc) 2 to (GlcNAc) 6 , were carried out. NagC rapidly hydrolyzed (GlcNAc) 2 , and showed a tendency to decrease with increases in the degree of polymerization. The enzyme did not hydrolyze (GlcNAc) 6 . The enzyme reaction products were examined by thin layer chromatography (Fig. 4) . This result agreed with the above-mentioned experimental data. When (GlcNAc) 4 was used as a substrate, GlcNAc and (GlcNAc) 3 appeared earlier than (GlcNAc) 2 , indicating that NagC acts as a exo-type enzyme.
Cloning and sequence analysis of the nagC gene To isolate the nagC gene from the genomic DNA of S. thermoviolaceus OPC-520, the probe was synthesized on the basis of the N-terminal amino acid sequence of NagC. Southern hybridization using this probe against total DNA digested with various restriction endonucleases showed that the probe hybridized strongly with a 6.2-kb PstI fragment (data not shown). Thus, for library construction, the DNA fragments with sizes between 6.0 and 6.5 were ligated to the corresponding site of pUC19. A positive clone (pCHB231) which hybridized to the probe was isolated from the library by colony hybridization. Analysis by restriction endonuclease digestion showed that pCHB231 contains a 6.2-kb insert DNA (Fig. 5) . The 6.2-kb DNA fragment containing the nagC gene was sequenced completely in both directions. Frame analysis of the nucleotide sequence predicted 4 complete open reading frames (ORFs) and 1 truncated ORF. Among these ORFs, the gene encoding NagC was identified in the center region of pCHB231. The ORF of nagC consists of 1,695 nucleotides encoding a protein of 564 amino acids with a predicted molecular mass of 62,076 Da (Fig. 6) . The codon usage for nagC was similar to that found in other previously described streptomycete genes.
17) The first, second, and third positions of codons in typical streptomycete ORFs have G þ C contents of about 63 to 75%, 46 to 54%, and >90% respectively.
17) The nagC gene had G þ C content for codon positions 1, 2, and 3 of 76.6, 54.3, and 95.0%, respectively. The overall G þ C content of nagC was 75.0 mol %. The initiation codon (ATG) was preceded at a distance of 7 bp by a possible ribosomebinding site (GAAG), which showed good complementarity to the 3 0 end of the 16S rRNA of S. lividans.
18,19)
The typical À10 and À35 promoter sequences were not found upstream of the ribosome-binding site. 
NagC sequence similarities
The deduced amino acid sequence of NagC was compared with other protein sequences using the BLAST analysis program. NagC showed significant homology with a number of enzymes that belong to glycosyl hydrolase family 20. 20) NagC showed 70% identity to putative sugar hydrolase from S. coelicolor A3(2) (CAB72189), 16) 69% identity to putative sugar hydrolase from S. avermitillis MA-4680 (BAC-72846), 21) 44% identity to -N-acetylhexosaminidase from Bacteroides thetaiotaomicron VPI-5482 (AAO-76158), 44% identity to -hexosaminidase from Xanthomonas axonopodis pv. citri ctr.306 (AAM37919), and 38% identity to ChiQ from Pseudoalteromonas sp. S91 (AAC83237). 22) The glutamic acid residue of -Nacetylglucosaminidase from family 20, inferable as catalytic acid in the acid-base reaction mechanism of retaining glycosidase, 23) was also found to be conserved in NagC (Fig. 7) . The N-terminal amino acid sequence of NagC purified from the cytoplasmic fraction of S. thermoviolaceus OPC-520 coincided precisely with the amino acid sequence starting from Thr 2. This result indicates that NagC is an intracellular enzyme. The deduced amino acid sequences of orf1, orf2, orf3, and orf4 showed homology with hypothetical protein (CAB72194), hypothetical protein (CAB72193), putative oxidoreductase (CAD55459), and hypothetical protein (CAB72224) from S. coelicolor A3(2). 16) Expression and purification of the recombinant NagC To compare the enzymatic properties of native enzyme with those of recombinant enzyme, we constructed the expression plasmid, coding for NagC by using the thioredoxin fusion protein expression vector pThioHisB. When E. coli cells grown under protein expression conditions were disrupted and centrifuged, the majority of the fusion protein was found in the supernatant fraction. The fusion protein was digested with enterokinase and then the recombinant NagC was purified by nickel affinity chromatography. The final enzyme preparation was shown to be homogeneous by SDS-PAGE (Fig. 8) . The purified recombinant NagC showed the same enzymatic properties (pH and temperature optimum, stability, and substrate specificity) as native enzyme purified from the cytoplasmic fraction of the strain (data not shown).
Discussion
S. thermoviolaceus OPC-520 secretes two -N-acetylglucosaminidases (NagA and NagB) together with chitinases in the presence of chitin. [5] [6] [7] [8] [9] NagA hydrolyzed (GlcNAc) 5 fastest, and its actions on (GlcNAc) 3 , The deduced amino acid sequence of NagC is shown below the nucleotide sequence. The putative ribosome-binding site is underlined. The stop codon is indicated by an asterisk. The N-terminal amino acid sequence of the native enzyme is underlined. The putative active site residue is shown by a bold letter. (GlcNAc) 4 , and (GlcNAc) 6 were relatively slow. (GlcNAc) 2 showed the lowest relative hydrolysis rate among the oligomers tested. 6) On the other hand, NagB effectively hydrolyzed all of the chitin oligosaccharides from dimmer to hexamer. 7) Furthermore, synergistic effects were observed by combining NagA and NagB when (GlcNAc) 6 was used as a substrate. 6) These results indicate that chitin oligosaccharides were converted into GlcNAc by the concerted action of NagA and NagB, which showed different modes of action toward chitin oligosaccharides. Thus, S. thermoviolaceus chitinases hydrolyze insoluble chitin to soluble oligosaccharides, which are then hydrolyzed to GlcNAc by NagA and NagB. The degradation products, mainly GlcNAc, are then taken up by the cell. Recently, Schrempf et al. explained that GlcNAc and (GlcNAc) 2 are transported into cells by two parallel pathways in Streptomyces olivaceoviridis, an ATP-binding cassette (ABC)-type transporter and a phosphoenolpyruvate sugar transferase (PTS) system. 10, 24) The ABC transporter (Ngc system) mediates the uptake of both GlcNAc and (GlcNAc) 2 , and the PTS system transports and phosphorylates GlcNAc at the expense of phosphoenolpyruvate. The catabolism of transported GlcNAc and (GlcNAc) 2 in Streptomyces species has not, however, been elucidated. In this paper, we describe for the first time the isolation, cloning, and expression of an intracellular -N-acetylglucosaminidase (NagC) involved in the chitin degradation system of Streptomyces species. We purified and characterized NagC from the cytoplasm of S. thermoviolaceus OPC-520. NagC is a monomeric protein active towards PNP--GlcNAc, PNP--GalNAc, (GlcNAc) 2 , (GlcNAc) 3 , (GlcNAc) 4 , and (GlcNAc) 5 , but not towards the other chromogenic substrates tested or (GlcNAc) 6 . The N-terminal 19 amino acid residues of NagC was determined and coincided precisely with the sequence starting from the Thr 2 residue of the deduced amino acid sequence encoded by nagC. Moreover, the typical signal peptide at the amino terminus is lacking. These results demonstrate that NagC is an intracellular -Nacetylglucosaminidase, which converts cytoplasmic chitin oligosaccharides, mainly (GlcNAc) 2 , into (GlcNAc).
Genes for -N-acetylglucosaminidases have been cloned from chitinolytic bacteria, such as Serratia marcescens, 25) S. liquefaciens, 26) Vibrio harveyi, 27) V. vulnificus, 28) V. furnissi, 29) and Alteromonas sp. strain O-7. 30, 31) Most of these are extracellular, periplasmic, or outer-membrane associated enzymes. As a solitary instance, Wu and Laine indicated that N,N 0 -diacetylchitobiase from V. parahaemolyticus was an 85 kDa cytoplasmic enzyme involved in the chitin degradation system on the basis of the deduced amino acid sequence of the gene. 32) But no study of the isolation, properties, and cellular localization of the enzyme has been done. On the other hand, Chitlaru and Roseman also reported that -N-acetylglucosaminidase (ExoII) from V. furnissii is a cytoplasmic enzyme which has no activity towards any of the chitin oligosaccharides. 33) They speculated that ExoII might produce phenol derivatives that induce V. furnissii to invade invertebrate cuticles. Therefore, NagC is the first reported example of a cytoplasmic -N-acetylglucosaminidase involved in the chitin degradation system.
In chitinase-producing microorganisms, chitin is a common inducer of chitinase production. But, since chitin is insoluble and impermeable to microorganisms, a soluble degradation product(s) such as GlcNAc, (GlcNAc) 2 , or a higher oligomer is considered to act as a direct inducer of chitinase. In S. thermoviolaceus OPC-520, (GlcNAc) 2 is the smallest molecule to induce the production of chitinases. On the other hand, NagC was strongly induced by chitin but induction by GlcNAc, (GlcNAc) 2 , or a higher oligomer was not as effective as we had expected. These findings suggest the following possibilities: (i) a membrane-localized protein might interact with insoluble chitin through chitinbinding protein, and the signal might then be transmitted to a regulatory protein that activates the expression of the target gene; (ii) the expression of nagC might be switched on depending on fluctuations and stimuli due to chitin present in the immediate environment of the cell. We are currently examining whether S. thermoviolaceus OPC-520 has a membrane protein that is able to recognize a 18-kDa chitin-binding protein (accession number AB110078) secreted in the culture supernatant.
In Streptomyces species, chitinase production is repressed by the addition of glucose to the medium containing chitin. The production of NagC was also subjected to catabolite repression by glucose. Furthermore, a similar phenomenon was also observed in the case of the production of NagA and NagB (data not shown). Family 18 and family 19 chitinase genes of Streptomyces contain similar pairs of direct-repeat sequences in the promoter regions, which have been suggested to be involved in both chitin induction and glucose repression. 34, 35) These results suggest that the family18 and 19 chitnase-encoding genes of Streptomyces might be regulated by common regulatory factors or mechanisms. But we could not find similar direct-repeat sequences in nagA, nagB, or nagC genes. These results suggest that the expression of these genes is regulated by mechanisms different from the regulatory mechanisms of chitinase genes. Furthermore, as there was no conserved DNA motif in nagA, nagB, or nagC to which a regulatory protein could bind in their possible promoter regions, complex regulatory mechanisms might be involved in the production of these enzymes in S. thermoviolaceus OPC-520. NagC showed high sequence similarity with a putative sugar hydrolase (CAB 72189) from S. coelicolor A3(2). 16 ) Hence, we compared the gene arrangement in the vicinity of the nagC gene with that of S. coelicolor A3 (2) 16) (Fig. 9) . The nucleotide sequences of orf1, orf2, nagC, orf3, and orf4 show significant similarity to CAB72194, CAB72193, CAB 72189, CAD55459, and CAB 72224 of S. coelicolor A3(2) respectively. But genes corresponding to CAB72192, CAB72191, and CAB 72190 of S. coelicolor A3(2) were not found in the upstream region of nagC. These clustered genes appear to constitute an ABC transporter involved in the uptake of GlcNAc and/ or (GlcNAc) 2 , corresponding to the Ngc system of S. olivaceoviridis. The genes encoding the uptake system for chitin degradation products will be analyzed in the near future.
